Abstract -With the evolution of modern technology wireless sensor nodes are finding a lot of applications in day to day life starting from smart home system to military surveillance. The primary building block of a wireless sensor network is a spatially distributed set of autonomous sensor nodes or motes. In order to design a wireless sensor network it is necessary to understand the structure and working of a sensor node. The sensor nodes can be considered as tiny battery powered computers that consists of a computing subsystem, communication subsystem, sensor subsystem, power subsystem. In this paper we review the features of these subsystems so that it is easy for the application developer to quickly understand and select the type of component for building customized sensor node platform. In this paper we have studied the features of different microprocessors and transceivers properties used in sensor nodes. We also study the classifications of sensors based on applications, the relevant sensor parameters, and different storage devices with their properties. This paper can be a ready reference to beginners interested in this field. One more major problem of wireless sensor network application that should be addressed is the limited lifetime of sensor nodes due to energy constraints. We also review how energy harvesting can increase the lifetime of a wireless sensor network and the possible methods that can be implemented for energy harvesting.
I. INTRODUCTION
A wireless sensor network (WSN) is a wireless network that consists of a spatially distributed set of autonomous wireless sensor nodes. Nodes are commonly referred to as motes. The number of nodes in a sensor network can be up to hundreds of thousands. The nodes are tiny computing devices, each equipped with sensors (type of sensor depends on application), a wireless radio, a processor, and a power source. The sensor nodes can be considered as tiny battery powered computers. Nodes take the data from the attached sensor nodes and using the on-board processor perform simple computations and transmit only the required and partially processed data [1] . Wireless sensor network has attracted a lot of research attention due to its potential applications.
But there are a number of challenges that are to be overcome. Depending on the type of sensor it can have military applications, Environmental applications, health applications, Home applications and commercial applications [1] .The first sensor node was developed during the 70s.With the advent of micro-electromechanical system, and wireless communication technology low power consuming wireless sensor nodes have been developed.
One important research challenge in the field of wireless sensor networks is the battery lifetime. Sensor networks consist of a large number of unattended nodes working in harsh environment. The sensor nodes are conventionally powered by batteries. But batteries have a limited lifetime. So once the power supply from the portable energy source (conventionally batteries) used in the sensor node is over the node becomes useless. In some applications it may not be feasible to replace the battery if the node is embedded in a building or located at some place that is difficult to reach. This dependency on battery is inefficient and also it posses risk to the environment as the battery may leak its contents in the environment leading to pollution and possible corrosion of the surrounding medium.
This constraint can be overcome by using energy harvesting from suitable sources according to the application concerned. This paper describes the structural components of wireless sensor nodes, the possible methods of energy harvesting to improve the lifetime ff the sensor networks and the possible applications.
Zigbee (IEEE 802.15.4) is the standard commonly used in wireless sensor node communication. Bluetooth can be an alternative for interoperability with computer, cellular phone etc. But with Bluetooth power consumption is higher.
The rest of the paper is organized as follows: Section II presents a description of the different components of the wireless sensor node. It also provides a comparative study of the features of different microcontrollers and transceivers used, description of the types of sensors based on the application and also the parameters relevant to a type of sensor. This section also consists of a study of the battery parameters used in different sensor nodes. Section III presents a description of the energy harvesting methods, Section IV gives a brief description of energy harvesting routing protocols, section V describes the wireless sensor network applications and section VI is the conclusion of the paper.
II. WIRELESS SENSOR NODE COMPONENTS
The number of sensor nodes in a network is a variable quantity and also the size of the nodes may vary. But basically all the sensor nodes are made of the following modules: sensor modules, wireless communication module, a CPU, and a power source [2] . The sensor network uses different routing protocols with the aim of minimizing the energy conservation while maintaining the accuracy of data delivery from the source to destination node.
A. Processor module
The computing subsystem performs the required computation and controlling operation on the wireless sensor node components. It consists of the following parts: A microcontroller and a storage unit (optional in some of the commercially available WSN). Depending on the power availability and application a range of microcontrollers are used in different commercially available motes. Motes support Active, Idle or sleep mode of operation. The Processor energy consumption, denoted as E cpu is the sum of the state energy consumption E cpu-state and the state-transition energy consumption E cpu-change . (1) Where E cpu-state = sum of state energy consumption, E cpu-change = the state-transition energy consumption, i = 1,2,…m where m is the number of processor state, j = 1,2,…n with n as the number of state transition [2] .
The range of microcontrollers can vary from low power 8 bit ones to powerful processors such as [3] Table-I gives a description of the microprocessors used in wireless sensor nodes. Node contains a flash memory for storing the code and RAM for storing the sensed data. A node might also contain a separate storage unit.eg micro SD card interface in SHIMMER for storing off line data up to 2 Giga Byte. The main reason for avoiding computational complexity in wireless sensor nodes is the lack of available power. For similar reason writing to micro SD card is avoided as it consumes a lot of power.
B. Communication module
The radio or communication subsystem is required for communication between the nodes and also to transmit the sensed and processed data from the corresponding node. Sensor nodes mainly use broadcasting techniques for communication. Radio frequency communication is most popular for wireless sensor nodes. This type of communication does not require line of sight operation and also with the advent of technology available in different data rates and ranges based on applications. Unlicensed ISM bands are suitable for this type of communication.chk for licensed band from country to country. Also there are many devices that use the same ISM. The presence of such devices in the proximity of WSN can cause additional interference causing poor quality communication. Zigbee (IEEE 802.15.4) is the standard commonly used in wireless sensor node communication. Bluetooth can be an alternative for interoperability with computer, cellular phone etc. But with Bluetooth power consumption is higher.
C. Sensor module
A sensor is a converter that measures a physical quantity and converts it into a signal that can be measured by an instrument. A sensor should be sensitive to the measured property only and should not influence it. Energy consumption in sensor module is due to analogue to digital signal conversion and signal modulation.
Where E on−off = one time energy consumption of closing wireless sensor network. E off−on = one time energy consumption of opening wireless sensor network and E sensor−run = Energy consumption of sensing operations.
From different companies different sensor platforms are available e.g. WeC, Rene 1, AWAIRS 1, μ AMPS, Rene 2,DOT, Mica, BT Node, SpotOn, iMote, Telos, MicaZ that use different software like TinyOs, MicroC/OS, Smart-its, Palos etc. Table-II indicates the bandwidth and frequency of different transceivers that are commonly used in wireless sensor nodes. Table-III  lists the commonly used sensor types and Table- IV lists the sensor parameters relevant to different types of sensors.
D. Power module
The energy required to power a node should be dependable. Usually batteries are used to power wireless sensor nodes. The external battery pack usually contains AA batteries. The battery consists of a single electrochemical cell. The power supplied by the battery depends on the chemistry of the battery depending on application it might be difficult to replace the battery. Also it is difficult to replace the batteries if a very high number of nodes are required in that application. For this reason Lithium batteries are better choices for energy harvesting wireless sensor nodes. Lithium based batteries need a high charging current pulse for charging whereas NiMH can be trickle charged that is directly connected to an energy source for charging. Efforts are there to recharge the battery by generating energy from the surrounding environment, by using thermal, vibration or RF energy sources.
To increase the lifetime of wireless sensor nodes two approaches are there: One approach is the idea of energy harvesting wireless sensor nodes that has gained considerable attention recently. Another approach is to design energy efficient routing protocols increasing the lifetime of the nodes. Energy harvesting can remove dependency of wireless sensor nodes on power source.
III. METHODS OF ENERGY HARVESTING IN WIRELESS SENSOR NODES
Energy harvesting can be described as the process of capture, accumulation and storage of unexploited energy from circumambient environmental sources [13] .The energy can be derived from solar, temperature, motion or electromagnetic. With the present technology energy harvesting is not sufficient to power large mechanical devices. But energy harvesting is an alternate energy source for small and portable devices. The general properties of a portable energy supplier are electrical properties (power density, maximum voltage and current), physical properties(size, shape, weight), environmental properties(water resistance, operating temperature range). The EH (energy harvesting) circuit should remain always active to catch this small amount of energy. The power consumption of the harvester circuit needs to be very sources. Also the EH circuit should be able to store the harvested energy with the minimum leakage [14] . Energy harvesting or power scavenging is best suited for applications that need continuous supply of low power, or the applications that need high power for a small duration of time.
A. Solar or Photovoltaic cell
One of the most popular energy harvesting technique is the use of solar or photovoltaic cell. In this type of energy harvesters optical energy mainly from sunlight is converted into electrical energy. Hence it is best suited for applications that have ample exposure to sun. The periods of cloud cover, snow fall affect the energy production by solar cells. The output of solar cell depends on the sunlight as well as on the load attached to it.
Silicon based cells are popular choices of solar cells. Solar cells have conversion efficiency up to 30%. Solar radiation yields around 15 mW/cm 2 in full sunlight or 0.006 mW/cm 2 under bright indoor illumination [14] . Solar powered nodes are suitable for environmental monitoring applications. This type of communication requires lesser data rate and are less sensitive to delay as compared to normal operations.
TABLE IV. CHART ON SENSOR PARAMETERS (TERMINOLOGIES ADAPTED FROM COMMON INDUSTRY PRACTICES
[15]) 
B. Thermoelectric generator
The generation of electricity using a temperature gradient is referred to as thermoelectricity. A temperature difference between two junctions of a conducting material creates a potential difference. This potential difference is used by thermoelectric generators.
C. Mechanical Vibration
Piezoelectric: This method converts mechanical (pressure, vibration) energy into electricity. Popularly used piezoelectric materials are quartz, polycrystalline ceramic. The properties of these materials vary with age, stress and working temperature. The energy generated using piezoelectric materials can be stored in a capacitor or battery. But due to charge leakage of capacitors, rechargeable batteries are better choice. Energy harvesting piezoelectric research falls into two categories: developing optimal energy harvesting structure and designing efficient electric circuits to store the harvested energy. More than 79 mW power harvesting piezoelectric system has been proposed using which it is possible to power a wireless sensor node [16] .
Electrostatic: The planes of initially charged varactors are separated by vibration and the corresponding mechanical energy is used to generate electrical energy. One dedicated voltage source is required for this type of energy generation to charge the capacitors initially. The harvested energy is provided by the work done against the electrostatic force between the capacitor plates.
Electromagnetic: Electromagnetic induction is a useful method of energy harvesting which is free of the effects of mechanical damping. Permanent magnets, coils and resonating cantilever beam are used for this type of energy harvesting. In electromagnetic induction voltage is generated in a conductor by changing the voltage surrounding the inductor. But because of its large size these are difficult to integrate with wireless sensor nodes. Separate voltage source is not needed for this type of energy harvesting. Maximum 0.1V is produced by this type of energy harvesters [16] .
D. Far Field RF Energy Harvesting
RF wireless transmission of data is widely established in modern days, e.g. cellular networks, radio and television networks. Because of this wide availability of wireless network considerable amount of RF energy can be detected in the environment. With proper circuitry this ambient energy can be used to power autonomous sensor nodes. With the use of this technology wireless communication infrastructure becomes a source of power without any added cost to the wireless communication service provider. RF energy harvesting uses the power that would have otherwise been wasted and absorbed in the environment.
Far field RF energy harvesting can be done in two ways: Active energy harvesting by using a dedicated energy transmitter or Passive energy harvesting using the ambient sources of energy present in environment such as propagating radio waves [18] . One possible method of RF energy harvesting is by using television broadcast energy. Energy from RF commercial broadcasting stations like TV or radio is used to supply energy to WSN. Energy is harvested using rectenna (rectifier +antenna) principle with the antenna connected to a tuner stage. The tuner selects one out of the possible commercial broadcasting channels. The selected channel is the more powerful one and to this the sensor node is connected [19] .
RF energy harvesting using Rectenna: RF energy harvesting uses far field RF energy-transmission. The RF energy harvesting WSN consists of antenna that is matched with the desired frequency of operation. The antenna is connected to a rectifier. This antenna and rectifier arrangement together is called the rectenna system. The output of antenna is the usable DC power. This DC power is stored in an energy storage device before being delivered to a load. The schematic of a general RF power transmission system is shown in fig.1 Figure. 1. Wireless RF power system, with the rectenna in the dashed box. P inc is the incident power upon the receive antenna; P acc is the accepted power after impedance matching; _z , _z 1 , and _z 2 are the impedance matching efficiencies; _con is the rectifier power conversion efficiency; and _dcdc is the boost converter power efficiency
IV. ENERGY EFFICIENT ROUTING PROTOCOLS
One aim of wireless sensor network research is increased lifetime of sensor nodes. This can be achieved by using energy efficient routing protocols. Some of the parameters that are useful while describing an energy efficient routing protocol are as follows: Energy per packet(Amount of energy spent when sending a packet from source to destination), Energy and reliability, Network Lifetime(when first node finishes its lifetime or a certain fraction of nodes are dead), Average Energy Dissipated(Average dissipation of energy over time), Low energy consumption, Total number of nodes alive, Total number of data signals received at Base Station, Average packet Delay, Packet delivery ratio(ratio of the number of packets received at the sinks to original number of nodes sent at the sensors), Time until the first node dies, Energy spent per round, Idle listening, Packet Size, Distance between transmitter and receiver. The energy efficient routing protocols can be divided into the following categories [2] : Based on network structure, based on communication model, based on topology, based on reliable routing. The division based on network structure can be subdivided into Flat protocols and hierarchical protocols. The communication model can be subdivided into query based protocol, coherent based protocols and negotiation based protocol. Topology based division can be subdivided into location based protocols and mobile agent based protocols. Reliable routing has two types: Multipath based protocols and QoS based protocols.
V. APPLICATIONS
Wireless sensor networks find a wide range of application in military, environmental, health, smart homes, space exploration and other commercial domains.
They can be used for certain event detection or continuous monitoring of the target. Rapid deployment and fault tolerance feature makes it an attractive technique for military applications. In the domain of environment tracking sensor networks are used for monitoring bird or animal movements, monitoring environmental conditions that affect corps, flood detection, pollution study, chemical and biological detection etc. A few health applications of wireless sensor networks are diagnostics and drug administration in the hospitals, telemonitoring of human physiological data. Sensor nodes used in home appliances can interact with each other remotely. Air conditioners use sensors to centrally control the environment of an office building.
VI. CONCLUSIONS Figure. 2.Efficiency plot of batteries used in sensor nodes Figure. 3. Plot of self-discharge property of batteries From Fig. 2 and Fig. 3 we observe that Li-ion and LiPolymer batteries have better efficiency and less selfdischarge properties, which make them suitable for sensor network application. This paper presents a review of currently available wireless sensor node structures and describes the energy efficient routing protocol schemes. It describes the hardware specifications of different wireless sensor node platforms and gives the possible energy 
